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POWER-ONVINl)-TUNNj&TESTS OF THE 1/8-scALE

MOD~L OF @ BREWS’JT13,F2AAIRPLANEWITH

FULL-S3?ANSLOTTEDFLAPS
.:.. ...-.‘.:”..

By JohnG. Lowy
,.., ...

INTRODUtiJ.ON .

At the requestof the Bureauof Aeronautics,Navy Department,
testsweremade in the 7- by 10-footwind tunnelof the l/&scale
model of the BrewsterF2A airplanewith full-spanslottedflaps.
The ob~ectof the testswas to determinethe power-on.staticlateral
and lon@tudinalstabilityof
whichhad a full-spandotted
for lateralcontrol.

the completemodelwith a IICW‘w’ing
flap,and a plainand slot-lipaj.leron

MODEL

The l/8-scalemodel.of t.&.Brewst,er F2A airplanewas furnished
by the BrewsterAeronau.’Lical’(corporationand no attemptwas made
to checkits dimensions.A t@~e-view d~awingof the completemodel
with the originalwi~ is shownin ~i~ure 1 and of the modifjeciwing
in ftgure2. Th@ modifiedwing whichhas a full-spanNACA slotted.
flapwas used in this serieeof tests.

The angleof attackof the reference th&st linewas determined
by means of levelinglugs thatwere fittedintoholespreviously
drilledin the fuselage. The stabilizer,elevator,rudder,flapj
and aileronangleswere set by means of templatesfurnishedwith
the model. .. .

l?owerfor the modelwas obtainedfr~m a 3Jj-horsepowerwater-
cooledinductionmotorthatwa~ mountedwithinthe fuselagecontour.
Thismotorjdesignedespeciallyfor power-onmodel tests,has an
alternatortachometerbuilt into it to measurethe rpm of the
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propeller.
streamlined

Power and waterleads,were run into the model througha
fairingwhich coveredboth the leads and the model y

supportstrut. .
z-’

The propellerused in thesetestshad a diameter6 percentlarger
than the scalesize for the prototypeend was probablynot geometrically
similarto the prototypepropellersinceit consistedof blades
availableat the 7- by 10-footwind tunnel. The bladesweremounted
in an especiallydesignedsix-bladehub and the three-bladepropeller
was made by assemblingthreebladesin the hub.

TESTSAND RESJJLTS

Test conditions.-The testsweremade in the NACA 7- by 10-foot
wind tunnel. All the tests,exceptas notedbelow,were run at a
dynamicpressureof 16.37 poundsper squarefootwhich corresponds
to a velocityof about 80 milesper hour under standardsea-level
conditions,and to a testReynoldsnumberof about570,000based
on the mean aerodynamicchordof 9.36 inches. The effectiveReynolds
number, Re, was 912,000basedon a turbulencefactorfor the
7- by lo-foottunnelof 1.60

Coeff’iclents.-The resultsof the teatsare givenin the form of
standardNACA coefficients,of forcesand momentsbasedon modelwing
area,wing span,and mean aerodynamicchord. All momentsare taken
aboutthe center-of-gravitylocationof the completeairplaneshown
on figure1 (normalfighter,landinggearretracted).The
data are referredto the stabilityaxes,a systeuin whichthe X axis
is the intersectionof the pleneof symmetryof the airplanewith a
planePerpendicularto the planeof symmetryand parallelwith the
relativewind direction,theY axis is perpendicularto the planeof
symmet~, and the Z axis is in the planeof symmetryand perpendicular
to theX axis. The coefficientsare definedas follows:

CD drag coefficient (propellersremoved)= &

C?R resultant-dragcoefficient”=~
qs

% lateral-forcecoefficient= x
qs

%
lift coefficient= $’

c1 rolli~-moment.coefficfentaboute.g. = ~
qSb
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cm pitching-mmgentc~fficlent.aboute.g. = ~. ... . . J“’qso;.
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,-
Cn yawi~-mom&t’coefficientabout’c.g.’”=’~ y“ ‘ “’”.

t- ::.,!...... .... .,..,’”;’
~. where

,., ,..:’..:...,,,:..,,,,,.#“...,..L&
A ;,..-.,;.(:-: ‘,’., ,,~: ..,:

x forcealo~ X.~ie; positivewhen dlrectpd,backyards,,., .:, :,..,...::..::.

,1:; .,:,f~fs:~o~4~.~iqj positivewhen directed,toright ,.. ,..”.,,,.j.,,,$-,,.,

L forceSJ.OWZ axis;positivewhen direct;dtifi~ds
.ii. .J .)” ?,,.,.:,’, ,,,..~ ,.

2“ rolli~,,rno@n,~,,.aboutX axi.s;“po,e”i”tt+ewhen”:i’t‘~endsto depress
the rightwi~”””” “ : : ‘ ‘ ~““’n”:’{~’

.,..., .:;’, -:....;. ;;, .!!.,, ., . . ,, ‘. .: :..

m .,:” :: -.p~tch}ng-rnomeqlqaboti~,.~,~i~~posititi~when i~terideto depress
the tail”“- : ““”””‘“ “ : ‘ “ ~~~“:’’”:”’

s
.,. ,

,,,C, ,.. ‘.,

b

?! .. . .

y.aw~?m,..,rnoqe~taboutZ,.,a.xle;,.,positive,whenit tendsto retard,.,.,.~igh,+:,~Tiw “‘ : : ‘“’“ ‘“’,.
. ‘.,’ ““ ‘:,..:

dynsm~cpTessWe=&V2. (16.37 poundsper squarefoot)...- ,,..,!,,,, .. . .-..,,,
,..

wine .are~(3.265squarefeet) ,,.

.rne”ap.ae~ci’~?~ewric.chor&(O~,~8foot) ‘ “ “- ,.,.. ,.’,.
wing 9pan ~1+.38feet) ,: ,:,

.,
,) ,... .’, ,

“’Thefollori.nl::~rop;e.lltirc’oe”fficienis‘are’used:’-:‘
,,.,

Tct;. ;effqctivem?W_-thrust coefficient= 2“
qs ‘:.::T::’’;::::...,.;.:,.

Tc effectivep:m~eller-thrustcoefficient’*—,..“..,.,;.:.,........ .. . . pV2D2
.V/iiD.,,,adv,ance@i*cti3r.ratio.... .“;.’,.,,,:*.

., .,.. . .-. ,!.,’
........,,:,., ,, . .... ............,,,.4..,,.,:....:.’.,’......

where
,....’ ., . ,.::: !:......<.”

‘, ,, ;

T effectivethrhstin p~tids ‘ “ :“’.;
,. ,,’ .,,

..!’,. ,,.

P’ mass‘densitjof air in slugsper cubic footi‘“’!.:~’::,~

v airs~eedin feet &r’”secgnd ‘ “ ““ ““”””~”:.. ! ,.
D propellerdiameter(1.~6”feet):. “ :-~:::.

.—



,.
propeller,speedin revolutiom”persecond

propellerspeedin revolutionsper minute

Svmbols.-Certainsymbolsare used in the text and figures,end
definedas follows:

a.&leof attackof thrtistline,degrees ~~

angleof yaw, degrees;positive.whennose of modelmoves to
right

angleof stabilizersettingwith respectto thrustline,
degrees;positivewith trailingedge down

elevatordeflection(with,respectto stabilizerchord)}
degrees;’positivewhen”trailingedge of elevatoris moved
down

r&deo?deflection,degrees;positivewhen trailingedge of
rudderis movedto left

flap deflection,degrees;positivewhen trailingedge of
flap is moved down

ailerondeflection,,degreesjpositivewhen trailingedge of
aileronis moved down (subscriptsR and L denoteright
and left ailerons)

angleof propeller-bladeeettingmeasuredat the 75 percent
radius‘

Corrections.- The results have not
causedby the m~del support.

All the anglesof attack,the drag
momentcoefficientshave been corrected

been correctedfor tares

coefficients,and the pitchlng-
for the effectsof the tumiel

walls. The jet-boundarycorrectionsappliedwere computedas follows:

Induceddrag correction, 5 g CfACDi = (1)

Inducedangle-of-attackcorrection,Laio = 8 ~ CL(57.3) (2)

Pitching-moment-coefficientcorrection

(3)
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All correctionsare
equations:

added-!tg_,-tunnel

.
!.

data.~.In the aforementioned

%?
= 0.065

c = tunnelcross-sectionalarea (69.59 squarefeet)

~= changeinpitchlng-rnomentcoefficientyer degree Chwe in
diT stabilizersetting (Thisslope”wasfurnishedby

contractorfromNew York Universitypower-offdata.)

No jet-boundarycorrect$o~y~rp app>:edto the yawing-and
rolling-momentcoefficients.C!he’’cove@ionsto the rolling-an@. ~
yawing-momentcoefficient”’arenegligiblefor the size of the model
ueed.

Test Procedure.-Fropel.lercalibrationswere firstmade. They
consistec$of resultant-dragreadingsat variouspropellerspeedsfor
severalbladeanglesand for both’the”three-and six-bladepropellers.
The thrustcoefficientswere then computedfrom the equation:

TC1=CD-C
%

Thesepropellercharacteristicsare presentedin fi~ure3. Havingthese‘
data)it was onlynecessaryto vary the propellerspeedto obtainthe
desiredthrustassumingthat the thrustwas independentof angleof
inclinationof propeller,The effectivethrustcoefficientsat which
the testswere made are shownin figure~’-”a.These curveswere furnished
by Mr. MicheljBrewsterrepresentative.It shouldbe notedthat these
curvesindicatethe thruetfor constantpowerfor the prototypeairplane
over the speedrange. The curves,therefore}representclimbingj
diving$or acceleratedconditions>and thereis only one pointon
each curvethat correspondsto steadylevelflight.

Inmaki~ pitchtests,the rpm for each lift coefficientwqs
determinedfrom figures3 and ~-a. The rpmwas set end the angleof
attackvarieduntilthe properlift coefficientwas ‘obtained.‘After
the firstfew runs it was possibleto obtainan rpn versusangle
of attackchartfor a givenmodel and powercondition.All succeeding
pitchtestswere run in thismanner.

The yaw testswere run at const@t v~.ueof I-P. Trom the -
resultsoi’the pitchtestsandthe curves3 and ~-a the correctrpm
for a givenangleof attackwas obtainedfor the zeroyaw condition.
This v~ue was thenmaintainedthroughoutthe yaw range.

For conveniencein locatingresults,a r&m& of the testsis
,..

givenin the followingtable:
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G
No

—

1

2

~

4

5

6

7

8

9

10

11

12

i3
14

15

16
17
18
20

!0-1

!l-i

1~-,

24

26
—

Power
Condition
—-—

------------

Rated

do

do

do

do

1 Rated
2

Windmi21i~

Take-off

Windmi12in{

$ Rated

do

~indmllling

-------------

Rated

do

.ao

do

do.

~ Rated

do

do

Take-off

Rated
1

6f #3e -t5r

o 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 -15

0 0 0

.01 fJ. ~

@ () ()

bo o 0

40 0 -15

40 0 0

40 0 0

0 0 0

0 ,0 9

0 4-2 0

‘o -2 0

0 -4 0

40 0 ,0

40 0 ‘Q

40 +2 o

40 -2 0

40,‘o o

Q .0 0
&

U=*
= o

$=0

aS2.5°

a 2 1(P

do

&o.

9=”0

.’&j -,,., .
do,

do ;

a=ll.~o’

do ~

do I

+ =a
=0

*=O
do

do

do

do :

do

ao

do

Z -$.7.6

=10 1-

—-.
Py~e

l’es’
—.

J31ruB’
Calil

Pitch

Yaw

do

do

do

Pitch

do

do

do

Yaw

do

do

nlrust
Calil

?itch

do

do

da

do

do

do

do

Yaw

do

,- —..

Flgtie

——

,3

4, 6

13

5, 15

5
1.5

6

6

7

7

16

12, 16
12

3

4, 8
8,
8
8

7
7, 9

9,
9

14

:5
—.——

—— .——1—11 =1-11 1-1-11 Im-l-—
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W de -Lea and nmi%ekiof’blhales.:T~e #ff.getof the numberof
propellerbladesand pr.dpeller-bl&leangleon the aerodynamiccharac-
teristicsof the znodelare shownin figu+es.4and 5* Thecw~ea are
of valuein interpolationof the res@”tsto actualconditionsto be
encounteredon the prototypeairplaRewhich cotidnot be exactly ““
representedon the model..The effectof alipstremnrotationas
indicatedby thesecurvesis mainlyon the,trimconditionend not
on the stabilityof themodel. .

)Lo~itudlnalstabilityand control.-The effectof the addition
of the propellerto the model sndthe a~plicationof’variousamounts
of poweris shownin figure6 forthe modelwith the flapsretracted
and in figure7 for the modelwith the“flapsdeflected40° and the
landinggear extended. With the cleanmodel}flapsretracted,there
is no apparentchangein slopeof pitching-momentcurvewith the
additionof’the%~ndmillim~propeller but with the flapsdeflected
therei.sa slightdecreasein the slope. ,Whileno attemptwas made
to duplicatethe idlingcha~acteristicsof the prototypeengine-
propellerinstallation,the presentresults“arebelievedto be
applicable.

The applicationof powerdecrearieethe slopeof the pitching-
momentcoefficientcurvesprogressivdy as the poweris increased.
For the cleanmodelthe applicat~onof ratedpowerdecreasesthe
slopeof the pitching-momentcoefficientcurveto the conditionof
neutralstabilityat the high-speedattitude. With flapsdeflected
the applicationof ratedpowerdecreasesthe slopeof the pitchi~-
moment-coefficientcurve, dCm/dCL} from about-0.114for no power}
no propeller,to about-0.015for ratedpowerat a CL of about0.9.
These data indicatethatthe applicationof full-spa mflapsto the
model d(esnot resultin longitudin~instabilityof the model
with power.

The additionof the windmillingpyopefierhad the expectedeffect
on the resultant-dragcoefficient,thq~ ie, $he dragwas increased
over the valuesfor the pro~ller-offcond$tion.This value,howeverz
will varywith changesIn bladeangle}decreasingas the blade angle
is increased. ,.

The additionof the windmillingpropellerhad a negligibleeffect
on the slopeof the lift-coefficient’curve,but gave an apparent
decreasein angleofattackfor a-givenlift,coefficientof 0.5°
for cleanmodel,andof 2° to 3° with flaps,deflected.For both
conditionsof the model,the windmillingpropellergave an increase
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innmximum lift coefficientof approximately0.25whichwas accompanied}
in the flap-neutralcondition$by an increaseof 30 in angleof attack
for maxixmunliftoThe additionof powerincreasesthe slopeof the
lift-coefficient“curveas the poweris increased.Sufficientpower
wae not available.toobtainmaximumlift coefficientsfor the various

,. ?mwerconditions but previoustestshave shownan increasein maximum

.

lift coefficient-withan increasein power.

The effectof smallelevatordeflectionsis shownin figure8
for the modelwith flapsneutraland in figure9 for the modelwith
flapsdeflected. The slightvariationin resultant-dragcoefficient
in figure8 betweentests15 and 16and tests17 and 18may be the
resultof a slightvariationin the blade angleas the propellerwas
disassembled.betweenthese.twoseriesof runs;.however,the effectof
pitchingmomentis expectedto be small. The pitching-momentcoeffi-
cientcurvesshowno indicationof tail stallin the liftrangetested.

The elevatoranglesfor trim are givenin figure10 for the
cleanmodel and in figure11 for themodelwith flapsdeflected.
The elevatordeflections.for trim in figure10 were obtainedby
Interpolationof the pitching-momentdata in figure8 and the values
of be in figure11 were determinedfrom extrapolationof the
pitching-momentdata of figureg. These curvesindicatethatthe
cleanmodelwith ratedpowerrequires2° down elevatorto trim in the
high-speedattitudewhile the modelwith flap deflectedand half-
ratedpowerrequireoabout7° up elevatorto trim at relatively
high-liftcoefficients.

An analysismade at the Laboratoryindicatesthe possibility
that the elevatorhingemomentsmay be so largethat the pilotwill
have difficultyhandlingthe airplanein the flap-deflectedhigh-
speedconditionbecauseof the largeup-elevatordeflectionsrequired
to trim the airplane. In addition,becauseof the largedownwash
angleat the tail associatedwith flap deflection>the elevator
probablytendsto floatdownwhichmeans a relativelylargemovement
of the elevatorfrom the positionof zerohingemoment. Additional
teststo determinethe angleof attackof the tailwith flapsdown
and half-ratedpowerwill be made in the 7- by 10-footwind tunnel
as’soonas the 35-horsepowermotor is availablefor tests. In
addition,testswill be made with largeelevatordeflectionsto
determinethe elevatordeflectionsfor trimwith the flap down.
It is not consideredGood practiceto extrapolatefor the trim
elevatorangleas was done for preparationof figure11 becauseof
the pronouncedeffectof the elevatordeflectionon the longitudinal
stabilityof poweredmodelsas shownin figure8. ,,

Lateralstability):,Theeffectof angleof attack,flapdeflec-
tion,end poweron the aerodynamiccharacteristicsin yaw of the model

... .. ...---., .,—., ,,,.-,- ,,.,.,-,, ,—., .--. -, ,,... ,,, ---,., —. , ..,-, M ml, m ,, ,,,, , , , , ,,,,,., ,,-.,.. ,,,-,
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Is givenin figures12 to 14 and the effectof rudderdeflectionis
givenIn figur~l~ and 36 for the cleanmodel andmodelwith flap,
deflectedand landinggear extended.

.

The additionof .powrto the m~el with windmillingpropeller
and flapdeflected9figure12 changedthe””dlopeoftherollhg-m6ment-
coefficientcurve} dC1/dV} from 000013for propellerwin@illlng
to ‘0.0005for half-ratedpower. The effectivedihedr~,for the
cleanmodel in both the high-speed,snd high ~le-of-attack condition
is satisfactory;however,there is’tidecreiisein sloN,of ro~}i~- .,
moment-coefficientcurve.with ~,e of”atttick(figs.13 qnd,.\5)J:.
A comparisonof the rolll~-m&mt-coeffic’lenkCfiveS@:$igUreS’lh
and 15 showsthat obtaininga givenlift coefficientby deflecting
the flapsdecreasesthe slopeof the rolling-moment-coefficient
curverno~ethan obtainingthe samelift coefficientby increasing
the angleof attack. There isj however,a slightincreasein power
in the flap-deflectedconditionbut”itis believedthis slight
increasedoesnot affectthe slopeof the curveto any greatextent.

The rolling-momentinstabilityindicatedwith powerand flaps
deflected’hasbeen obsened on all poweredmodelstestedin the
7- by 10-footwind tunnelof airfilaneswith very low:porerloadings.
It has alsobeen observedin flightand’itindicatesinabilityto
“pickup’la wing with the rudderwhen flyingwith flapsdown at
moderatew largethrustcoefficients.

The additionof powerto the modelwith flapsdeflectedshifted
the trim anglein yaw from -1.5°for propellerwindmill.ingto -l&
for half powerand also increasedthe slopeof the yawing-moment-
coefficientcurve. The increasein poweralso increasedthe slope
of the lateral-forcecoefficientcurve(fig.12).

The deflectionof the rudderhas no effecton the slopeof the
rolling-or yawing-moment-coefficientcurvesbut shiftsthe trim

anglel$” per degreeof rudderdeflectionfor the flapneutralcon-

ditionand 1° per degreeof rudderdeflectionfor the flap deflected
condition.Thus} It wouldrequireabout15° rudderto trim’themodel
with flapsdeflectedbut only about9° rudderwith the flapsneutral.
The verticaltail showsindicationof stallat about~0° yaw for”both
model conditions.Sinceno attemptwas made to representexactlythe
slipstreamrotationof the prototypeairplanein the model teststhe
actualrudderdeflectionsmay be differenton ‘theairplanefrom those
shownfor the model. Tests of the poweredmodelshave indicatedthat
rudderdeflectionsfor trim are best determinedwhen the model and
prototypepropellersare operatingat the samethrust-torqueratio.
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No ailerontestswere made with the poweredmodel sinceit is
believedthat the data presentedin reference1 withoutpowerare
applicable.

LangleyMemorialAeronauticalLaboratoryj
NationalAdvisoryCommitteefor Aeronautics,

LangleyField,Vs., August21, 1941.

RmRENcE

1. Lomy, JohnG.: Power-OffWind-TunnelTests of the l/8-Scale
Model of the BrewsterF2A Airplane. NACA MR, June 21, 1941.
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